A direct current compensator dynamo by Black, Charles Day
A  DIRECT CURRENT COMPENSATOR DYNAMO
BY
CHARLES D AY  BLACK 
B. S., University of Illinois, 1911
THESIS
Submitted in Partial Fulfillment of the Requirements for the
Degree of
MASTER OF SCIENCE
IN  ELECTRICAL ENGINEERING
IN
THE GRADUATE SCHOOL
OF THE
UNIVERSITY OF ILLINOIS
1 9  12
-4^
a j
inu
U N I V E R S I T Y  OF I L L I N O I S
THE GRADUATE SCHOOL
31, j9ot 2
1 HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY SUPERVISION BY
..................................................M Y .......................B IA C K .......................................................
ENTITLED .................A B IR Y C T ..C IJB R M T ...COMPEIIS.ATOH..O T M O ................................
BE ACCEPTED AS FULFILLING THIS PART OF THE REQUIREMENTS FOR THE
DEGREE OF MASTER.OY . SSIEIICB.II.ELECTBICAI.M.GTIMRTIG
Recommendation concurred in:
Committee
on
Final Examination
-  1
A DIRECT CURRENT COldPEHSATOR D Y M O
I IllTRODUCTIOIT
Many new designs In various types of electrical 
apparatus have "been called for hy the comparatively recent 
and rapidly increasing use of electricity on the farm, \7her- 
ever the small isolated plant is used in this capacity to 
furnish light and power the generator is called upon to 
charge storage batteries, which are used for lighting when 
the plant is shut down, and to supply power for motors when 
running. In order to charge batteries efficiently there must 
be enough cells to consume the full voltage. With a 1E5 volt 
direct current generator this would require forty or fifty 
cells the initial cost of which would often be prohibitive. 
Again, the low voltage tungsten lamp, which is now coming into 
use, has a longer life than the high voltage lamp and will al­
so stand rougher usage. Ror these reasons it is advantageous 
to have a generator which can supply electric current at two 
voltages, the most desirable values apparently being 185 and 
35, or about in the ratio 4 to 1.
The name "compensator dynamo" has been applied be­
cause the machine under consideration has the principal char­
acteristics of the ordinary compensator or auto-transformer. 
That is, although designed to be operated as a generator, it ^
would perform equally as well as a motor using line voltage, 
and at the same time supply current at a lower voltage as a 
result of the generator or compensator action of the armature
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winding.
Tlie scheme used in the design of this machine is 
that of slotting the poles near one tip (See Pig. 5, page i8 ) 
leaving only a narrow projection on that side. This divides 
the flux and gives a portion of the pole arc under which the 
conductors can he commutated without sparking.
The plan of shaping the pole-face so that sparkless 
commutation is possible is not a new one. It was used several 
years ago hy Statter and perhaps hy others. It is also prob­
able that some split-pole machines have been manufactured, but 
they are not common and not known to the writer.
Because it would be impossible to treat exhaustively 
this whole subject, it has been deemed desirable to limit this 
Investigation to a study of one machine. The principal object 
was to construct a machine which would produce practical re­
sults, and also to observe such features as would or would 
not be desirable in this type of’compensator dynamo".
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II GBUSRAL THEORY
When an armattire of a direct current machine is 
rotated in the usual simple field, there are two points at 
least, situated 180® from each other, electrically, at which 
the brushes should he set in order to obtain the greatest 
difference of potential.
The potential of one of these points is maximum 
positive and of the other maximum negative. The voltage be­
tween consecutive segments increases from zero to a maximum 
and decreases again to zero in passing from one brush to the 
other. Thus, by moving, for instance, the negative brush 
toward the positive, either way around the commutator, the 
potential between adjacent segments gradually increases, but 
the voltage between the moving negative brush and stationary 
positive brush decreases. A similar decrease in voltage 
takes place if the positive brush is shifted and the negative 
kept in its proper position.
Assuming that the main brushes (positive and neg­
ative) are in their correct positions and that an additional 
brush is placed on the commutator and moved from positive to 
negative brush, the potential difference between this brush 
and either of the others can be made any desired value within 
the range of the machine. It would be practical to take cur­
rent from this borush if it was not for the disastrous sparking, 
caused by the relatively great difference of potential between 
the adjacent segments,and the inductive effects of the varying 
current during commutation.
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When the main brushes are set so as to give max­
imum difference of potential, the conductors connected to 
commutator segments beneath the brushes lie between the poles 
at no load. In this position the brushes are said to be on 
"neutral". This neutral changes with the load, but in any 
case, it is the position where the lines cut per differential 
unit of time are a minimum.
During commutation a coil is short-circuited by 
the contact of the brush with the adjacent commutator seg­
ments. If some action can be brought about to Fiaintain uni­
form current density over the contect surfact of the brush, 
that is, if the current in the short-circuited coil can be 
made to vary from a positive value to an equal and opposite 
negative value as a linear function of the time, commutation 
will be perfect. This means that the current entering or 
leaving the armature over a brush must vShift from segment to 
segment in direct proportion to their motion across the brush, 
To accomplish this shifting it is necessary to depend upon 
two things; first, giving the brush a forward lead so that 
the sections short-circuited by the brush will be in a re­
verse field that will induce electromotive forces which will 
tend to set up a current in the oppioslte direction; second, 
using brushes of high resistance which will cause the current 
to decrease to zero rapidly, and will also aid in establish­
ing the reversed current.
By slotting the pole for commutation purposes it is 
evident that a reverse field is not available. Hence it is
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apparent that the best possible, though not ideal condition, 
is when the colls short-circuited cut no lines of flux. If 
the poles are of large dimensions, the slots can he made wide 
enough so that the flux due to fringing will not cut the two ■ 
adjacent colls as they pass through this zone. Also, if the 
reluctance or depth of this gap can he made great enough to 
allow a minimum nximher of lines to pass through it v?ith full 
field excitation,no improvement can he made as far as the 
magnetic field is concerned.
The inductance, as well as the resistance, is 
Important in commutation. The inductance of any armature 
section wound in slots of a given size varies as the square 
of the number of turns; therefore, the best design should 
involve few turns per section.
As stated before, in commutation a complete reversal 
of the current occurs at the positive and negative brushes. 
Where, however, the neutral brush is used, the current is not 
reversed in the coils connected to the brush, but instead, 
commutation consists only of a change in the value of the 
current, that is, an increase or decrease depending upon 
whether the neutral is positive or negative with respect to 
the main brush. If the neutral brush i^s of the same width as 
the main brush, the rate of change of the current cannot be 
more than one-half that in the coils ordinarily commutated. 
This being the case, the counter e.m.f. induced will not be 
more than one-half as great. Therefore the conditions are 
somewhat favorable, a state which is indeed necessary since
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it is impossiTale to ha^ e^ the reverse magnetic field to pro­
duce an e.m.f. which opposes the counter e.m.f. of the coils 
that are undergoing commutation.
From this point it is desirable to confine the 
discussion to the two-circuit, retrogressive, wave-wound 
machine under study. This winding requires only one posi­
tive and one negative brush in order to have the load per­
fectly balanced over the armature, but often the number of 
brushes is made the same as the number of poles for the pur­
pose of reducing the heating and the size of the brushes. As 
far as commutation is concerned, good results can be more 
readily obtained with only two brushes.
A diagram of the armature winding used is shovm on 
page 21 . The brushes are represented here in the same rela­
tive positions as they were on the machine. A glance at the 
diagram will show that half of the conductors on the armature 
never carry the current which flows through the neutral brushes. 
Only those shown in red, or less than one-eighth of the total 
number of armature conductors, carry this current at one time.
Ill Discussion OF APPARATUS AKD TESTS
Because of its special adaptability to this experi­
ment a 230 volt motor was chosen, although, for farm purposes—  
as reasons indicated in the Introduction— -the demand would he 
much greater for split-pole generators of 125 volts. The 
following data applies to the machine:
Rating as a Motor
H. P. 2 Poles 4 R. P. M. 1750 Volts 230.
Amps. 8.5 Winding (Shunt).
Additional Design Data 
Field Winding
Original field winding =3000 turns per pole (1500 turns #26 
and 1500 turns #25)
(Rew winding used in test = 359.5 turns of #14 per Pole.)
’^ Hot’^ resistances of nev/ field coils in series = 4.74 ohms.
Poles and Yoke
Sectional area of original lamitated poles =4.6 square inches 
(Sectional area of new cast iron poles used = 6.6 ” "
Flux per pole = 284,000 lines
Length of poles from face to yoke = 2 inches
Inside of yoke turned to a circle 10.125 inches in diameter.
Armature and Brushes
Armature had slots .25 in. wide and (approx.) 1 inch deep 
" ” 81 commutator segments
" " 81 coils of 8 turns each. Size of wire used = #18
” waS wound 1-7, and connected to commutator 1-41
(Retrogressive).
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Diameter of armature = 6 inches 
Length of commutator = 1.125 in.
"Hot” resistance of armature including brushes and leads =1.7 ohi4 
’'Hot" " " " alone =1.5 ohms.
Since the shape of the original poles would not 
perm_it slotting, an entire new set w^s required. Cast iron 
had to he used, as stampings, from which more desirable lami­
nated poles could be constructed, were not available. These 
poles v/ere designed as large as the space inside the yoke 
would allow fSee Pig. 5^ Page 17 ) and still leave room for
field coils which would give sufficient ampere-turns after 
the reluctance of the poles was increased by slotting. Pig,I 
below gives the dimensions and shape of the finished pole- 
pieces. Pigs. 5 and 6 show them in place in the machine.
/ i\
n
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A good idea of the shape and appearance of the 
new coils can he gotten from Pigs.5 and 7. Sach spool 
consisted of 359.5 turns, which, with 4.18 amperes dilowing 
gave 1500 ampere-turns, or the same per pole as existed 
originally when the machine was operated as a motor. Since 
a rather large wire was used in the new field winding, it 
was necessary to excite separately the field, as the re­
sistance of the four coils in series was only 4.74 ohms.
In a commercial machine, of course, the field would he de­
signed to permit self-excitation.
The neutral hrush-holders, shown in Pigs. 2 and 3, 
were made adjustable to allow for proper setting at the 
neutral under any possible condition of load, and the brushes 
used were of the same cross-section as the main brushes.
Various widths of slot from .5 inches to 1.25 
inches were tried. After each change an exploring brush was 
used to determine the voltage between adjacent commutator 
segments, the readings being taken over the entire distance 
from one main brush to the other. It was not until the last 
two enlargements had been made that a point could be found, 
by passing the search-brush along the commutator, where there 
was an actual decrease in voltage between adjacent segments. 
However, after the first cut a very noticeable decrease in 
the readings was observed near one brush, as a result of the 
decreased flux on that side of the pole. With the slot 1.25 
inches wide, ax shown in Pig. 6 page |a , the minimum potejatial
observed between adjacent segments was three or
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four volts. That a lower reading could not be obtained is 
due to the fact that the two-circuit wave winding is chorded 
That is, the coil pitch is not exactly equal to the pole 
pitch and during the period of commutation when the coils 
commutated should be directly under the slots, some of the 
conductors in the coil are Just under the edge of the slots 
and hence are in a magnetic field.
Practically sparkless commutation was obtained 
with the slots 1.25 inches wide, as shown in the figure, but 
the neutral was confined to such narrow limits that only a 
slight shift of the brush threw it into a position where the 
voltage per coil was greatly increased. The slot pitch of 
the armature was .7 inches and the slots were .25 Inches wide, 
hence the distance between the farthest sides of two adjacent 
armature slots was .95 inches. Prom these dimensions and the 
width of the slot in the pole, which was 1.25 inches, it will 
be seen that, unless the coil pitch was equal to the pole pitch, 
one could not expect the entire short-circuited coil to lie in 
a field of no flux.
It was also noticed that in adjusting both neutral 
brushes to the same potential, only a slight change made a 
very considerable potential difference between them. This 
objectionable feature could have been avoided to a very great 
extent by increasing the diameter of the armature. This in­
crease would have given room for a longer pole arc and per­
mitted a wider slot in the pole without decreasing the flux*
It also would have been advantageous to have in-
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creased the number of slots in the armature and arranged the 
winding so that its pitch would have been nearer that of the 
poles. These changes would have allowed more of the con­
ductors of the coil short-circuited to be under the pole-slots 
and hence decreased the voltage induced in the coil. It is 
evidently impossible to prevent some flux from threading 
through any slot that may be cut in a pole; but if good 
quality iron is used and the slot made deep enough, no great 
amount will exist, at least not enought to cause serious 
difficulties.
The four-circuit lap-winding has some advantages 
over the two-circuit wave winding because, with a winding of 
this type, the coil-pitch may be made the same as the pole- 
pitch. This, of course, places all conductors effected at 
the time of commutation in the same position relative to the 
slots, which is desirable, as explained above.
Although elimination of sparking at the neutral 
brush was the chief result sought, the effect of the slots 
upon the open circuit saturation curve and th6 stray power 
loss was investigated.
Curve A on page ZO is the saturation curve before 
slotting the poles, while the data for curve B was taken after 
the slots were cut. These curves show the effect of the in­
creased magnetic reluctance. The maximum voltage for a given 
excitation is materially decreased, but it must be remembered, 
however, that these curves do nd>t give a correct conception 
of what will take place in a machine having good laminated
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poles, especially designed for slotting.
Since the stray power loss affects the efficiency 
directly, it is of Interest to note the effect the slots 
really have. Before slotting, the stray power loss was 175.4 
watts, while after slotting there was an increase of 9.3 watts, 
or a loss of 184.7 watts. This shows only 5.3 per cent in­
crease v/hich is probably due largely to the increased wind­
age. However, this cannot be assumed justly without a more 
careful study, which time did not permit. The loss due to 
windage could have been determined by filling the slot with 
wood and making comparative tests. In this way, the part of 
the increase due to hysteresis and eddy currents could have 
been found.
In a commercial split-pole machine, it is very 
probable that the advantage, which would come from the cool­
ing effects of the air circulating thru the slots, might off­
set the added heating loss due to the introduction of them.
The chief difficulty experienced in making the in­
vestigation was that of getting a correct adjustment of the 
two neutral brushes. The commercial success of a machine of 
this type would probably/ depend more upon this one thing than 
any other. It is the belief of the writer that this trouble 
is inherent in a machine having achorded winding and in all 
probability would be avoided entirely by using a full pitch 
winding-- which, however, has other disadvantages.
In any machine, regardless of the type of the wind-
neutraling, it would be desirable to have the^brushes mounted on a
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rocker-arm in such a way that either one or hoth could he 
moved about the axis of the armature and at the same time 
he held at a constant angle with respect to a line perpen­
dicular to the surface of the commutator at point of hrush- 
contact. This would not only allow the brushes to he moved 
around the commutator together hut would make it possible to 
get perfect adjustment v/ith respect to each other, a very 
essential feature. This is especially true where the neutral 
or no-sparking position is necessarily confined to such 
narrow limits of space. The rocker arm should he entirely 
separate from the arm carrying the main brushes because of 
the instability of the commutating position, ^y testing 
with various combinations of loads the best commutating 
positions could be located and marked in such a manner that 
anyone could operate it successfully.
14 -
/Jjopofj^ of^ us, The Corm^cnsci'hor 
D y n  ctnr% o is  S h o ivn  di^ th e  T^syh'f'. Th& O /ie -h a ilf HoKseyoo^er 
M o f o t  m  fhet C e n t e r  jvcrs used  in th e  >Stray T^okver T e s t ,
- 15
ricj.
C om m  u-f-cti-or E n o t o -f  Co^njoertsct-hor JD yrtam o
- 16 -
A / e w t r a I  B r u s h  in  C o m n n u ’h a i 'in c j 'P o s i t io n
- 17 -
f'iq, v5".
V>Giv o f  Co  m jo fft isa i 'o r  J)ynonryio fronn 'Pu lley  E n d
/ i r m c t f u r e  P e m  o v e d ^  o t v i n  y  P o l e s  a n d  C o ils .
-  18 -
F'iq. 6,
yShouy/'nj S h a ^ e  a n d  IPosii -ion o f  ^S/ofs .
/- 19 -
Ficj. 7.
F i e l d  Co / / e ,
20
/7
:b
c
'Sa^ vKa-fiotn Cui^yes .
~^ e'foy'e 'S/of-hina F'ts/c4 Bole'S .
^fi-er Sfoi-iineji F'i&lol Po/es j S/o/- t. 2S in. y/tJ e.
' X. i>^ oH'aiae /■» A/eu-t-r<nl tvi'fh Slo-h I.ZS in, tViale,
320. . Doji'S.
' H v * J
1 ^  j  1
D50 liiiminant. 2 dc
w * w Wiitw 051 (jeUe^ K Thf^ ead o
-  22 -
IV COITCLUSIOir
From an experimental point of view the results 
obtained in this investigation proved satisfactory. Had 
time permitted carrying the tests further, using laminated 
poles, different types of windings, etc,, not only a thorough­
ly praotloal machine could have been developed hut much could 
have been added of theoretical value.
The apparatus proved In test, however, that such 
a compensator dynamo Is practical, and can he used successful­
ly to supply, at the low voltage, a current up to and even 
exceeding the maximum rated current of the machine. Then, 
however, power Is supplied from the low voltage side alone the 
correct rating Is prohahly 30 per cent of that at high voltage.
i
